Abstract: Stable crystalline organic ammonium tribromides (OATB), like Me4NBr3, Et4NBr3, Bu4NBr3, cetyltrimethylammonium tribromide, PyHBr3, can be readily synthesised from the reaction of the corresponding bromides with V205 and aqueous H202. Typically, TBATB, Bu4NBr3, brominates a variety of organic substrates rather easily under mild conditions. An activated aromatic ring is selectively brominated in the presence of an olefinic double bond.
oxidation of bromide leading to tribromide was noticed. Vanadium bromoperoxidase (VBrPO) related biomimetic oxidations of bromide have also been studied in solution by others. 9 Consequently, it has become clear that a peroxovanadium(V) intermediate is capable of the catalytic oxidation of bromide. Based on this, our strategy was to isolate the ultimate oxidation product of bromide employing organic quaternary ammonium cations so that the organic ammonium tribromides (OATB) could be synthesised in an environmentally acceptable way. Thus, in a typical reaction 2.75 mmol of V205 was dissolved in 44.1 mmol of 30% 1-1202, with stirring at ca 5°C To the clear red solution 11 mmol of tetrabutyl ammonium bromide, dissolved in 7 mL of water, was added and the reaction was stirred at ambient temperature. The reaction took place readily and the solution became yellow with concurrent precipitation of yellow or orange yellow tetrabutylammonium tribromide (TBATB), Bu4NBF3. The product was isolated after 15-20 min, washed with water 2 or 3 times and dried in air or by pressing between the folds of a filter paper. The isolated yield ~° was 68%, m.p. 75°C (Lit 4 76°C). TBATB can be recrystallised from acetonitrile. The compound showed an intense electronic absorption at 267 nm typical of tribromide (Br3).~l Importantly, the same methodology worked very well for TMATB, tetraethylammonium tribromide (TEATB), PTATB, CetTMATB and PyHBr3 which were synthesised in very high isolated yields from the corresponding organic ammonium bromides and pyridinium hydrobromide, respectively, The involvement of peroxovanadate(V) as the active oxidant has been ascertained from the observance of the peroxovanadium charge-transfer (CT) band at 430 nm (e=300) in aqueous V2Os-H202 solution.
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As a typical example, the efficacy of TBATB obtained by the new protocol was ascertained. The results of room temperature bromination of aromatics including polycyclic hydrocarbons 1-5, sensitive substrates such as imidazole 6, allyl alcohol 7, alkenes 8-10 and ketone 11 are summarised in Table 1. Thus, TBATB brominates activated aromatics such as aniline 1 very smoothly to give bromoaniline in H20-DMF. Both pbromo-and 2,4,6-tribromo aniline may be selectively synthesised depending on the molar ratio of the reagent that is used. Polycyclic aromatics such as anthracene 3 and phenanthrene 4 can be brominated in acetic acid.
Here again, 9-bromo and 9,10-dihromo anthracene can be prepared selectively by setting the molar ratio between the substrate: TBATB at (1:1) or (1:2), respectively. Unreactive rings like benzene 5 were brominated to afford the corresponding bromide in good yield by treating the substrate with Ag2SO4 in H2SO4.~2 TBATB is also capable of brominating heteroaromatics sensitive to usual bromination, for instance, imidazole 6 in CH2C12:
MeOH (1:1) mixture was brominated to 2,4,5-trihromoimidazole in a high yield (68%). Treatment of allyl alcohol 7 with the reagent in CH2C12 afforded 2,3-dihromopropanol in 72% yield. Also TBATB allows easy double bond bromination 8-10 under mild reaction conditions. The reaction of acetophenone 11 with the reagent produced bromomethyl phenyl ketone. OMe O 12b
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Bromination of organic substrates: The substrate (10 mmol) and TBATB (10, 20 or 30 mmol as indicated in Table 1 ) in 25 mL of the specified organic solvents, and 20 mmol of CaCOs for phenol and imidazole, were vigorously stirred for the specified period of time. The reaction mixture was filtered in vacuo, the filtrate was diluted with 100-120 mL of water to completely precipitate the product. The product was then filtered in vacuo and washed with water. For the liquid product the aqueous layer was extracted with ether and the separated ether layer was washed with water, dried over anhydrous NazSO4 and finally evaporated under reduced pressure.
For benzene, a mixture of the substrate (10 mmol), Ag2SO4 (15 mmol) and 25 mL of conc. H2SO4 was stirred at room temperature for ca. 10 min followed by the addition of TBATB (12 mmol). The reaction mixture was stirred for 30 rain and then poured into 150 g of crushed ice. The precipitated AgBr was separated by suction filtration. The filtrate and the precipitate were separately extracted with ether and washed several times with water until they were free from acid. The combined ether extract was evaporated under reduced pressure.
In conclusion, we have found an environmentally favourable procedure for peroxovanadium(V)-mediated biomimetic oxidation of bromide leading to the synthesis of organic ammonium tribromides (OATB).
Synthesised in this way the crystalline tribromides are stable, and no Br2 and HBr was used. Using OATB bromination proceeded smoothly with a variety of substrates which afforded the corresponding bromoorganics in good yields. Furthermore, selective bromination of an activated aromatic ring in the presence of an olefinic double bond is possible with such a reagent.
